Identification of the yeast nucleus, and particularly a resolution of its mitotic cycle, can scarcely be considered to have yielded unanimous agreement. In spite of a voluminous cytological literature, little has been established with certainty in regard to the identity, morphology, or numbers of chromosomes, or in regard to the orientation of the dividing nucleus with respect to the centrosomes during budding. Incertitude and divergences of opinion on these questions have resulted partly from difficulties inherent in obtaining suitable preparations of organisms so small as yeast for cytological analysis, and partly from the fact that cytological studies were undertaken in almost all instances on cultures unknown genetically as to the number of linkage groups and the degree of ploidy. Nagel (1946) , DeLamater (1950) , Lindegren and Rafalko (1950) , Lietz (1951) , and Winge (1951a) have considered various interpretations of yeast cytology at length; hence we shall omit a detailed historical discussion. The purpose of the present report, based on cytological procedures hitherto not used for yeast, is to describe single and dividing cells and offer evidence for a vesicular nucleus as well as to consider inadequacies apparent in some current viewpoints.
It is sufficient to indicate here two major, opposing ideas: According to Lindegren (1949 Lindegren ( , 1952 , following Wager and Peniston (1910) , the chromosomes are located within the vacuole (the "nuclear vacuole") and exhibit a pattern of "mitotic" behavior thus far unknown in other organisms. This view is opposed by the majority of yeast cytologists who hold that the true nucleus is that structure identified by Lindegren as the centrosome; this is a Feulgen positive, sphere-like body of relatively massive proportions disposed adjacent to and outside the vacuolar wall. A few workers are in accord with the second view (Guilliermond, 1920; Beams et al., 1940; Sinoto and Yuasa, 1941) and believe the division of this body to be amitotic. However, well established genetical information is currently available to render this belief unwarranted. Conclusive proof that this extravacuolar body is the nucleus derives from the fact that its total volume and mean diameter increase in accord with the theoretical expectation for polyploids (Mundkur, 1953) .
This reinvestigation of a much-debated subject was undertaken in view of the availability of a polyploid series whose haploid, diploid, triploid, and tetraploid constitutions were clearly established genetically with the aid of 6-11 diagnostic markers by Lindegren and Lindegren (1951) . Furthermore, a reexamination of the problem with the aid of the Altmann-Gersh freezing-drying technique, hitherto not exploited in yeast cytology (or perhaps in bacterial cytology), was deemed desirable in view of its many unambiguous qualities. Advantages of this technique are considered in detail by Gersh (1932 Gersh ( , 1948 and recently by Bell (1952) and Danielli (1953) . Suffice it to indicate here that (1) cessation of metabolic activity is almost instantaneous, (2) shifting of diffusible cell constituents is inappreciable, (3) there is little possibility of chemical alterations in cells leading to morphological artifacts or pseudostaining reactions such as those sometimes ensuing from the use of chemical fixatives, (4) shrinkage of cells is absent or negligible, (5) there is a greater preservation of cell inclusions than is possible when fixing solutions are used, and (6) direct infiltration of dehydrated cells with celloidin or paraffin is possible.
MATERIAL AND METHODS
The cultures used include no. 13942 (haploid), 11296 (diploid), 13894/11296 (triploid), and 11296/11294 (tetraploid). The haploid and diploid cultures are nonsporulating. Pure cultures of the triploid and tetraploid were derived by picking single, large isolated colonies from separate plates very lightly seeded with samples 514 NUCLEUS OF SACCHAROMYCES of mating mixtures involving, respectively, haploid X diploid and diploid X diploid cells. The rapid growth rates of triploid and tetraploid single cell colonies on plates (relative to haploid or diploid cells) as well as their unmistakably large cell sizes eliminate the possibility of including unmated haploids or diploid cells and insure that the triploids and tetraploids, picked as well isolated colonies, are pure. Such single colony isolates were used as inocula for obtaining larger quantities of material for freeze-drying. Under conditions of active growth the stocks did not sporulate on the liquid yeast extract-peptoneglucose medium used for their cultivation. Samples of all cultures were examined microscopically immediately prior to freezing to insure the absence of spores and to check on homogeneity in cell sizes which, within limits, is distinct for each class in the polyploid series (Mundkur, 1953) .
The cultures were raised (1) aerobically on agar slants, (2) aerobically in liquid medium with sterile air forced vigorously through the medium from aerating stones, and (3) in unshaken, actively fermenting liquid medium; yeast growing after the addition of fresh nutrient to medium spent by prior fermentation was also harvested.
Yeast harvested for freezing-drying was washed quickly in phosphate buffer (pH 4.5), centrifuged, and spread in pellets (approx. 2 mm thick) with a loop over narrow strips of slightly moistened filter paper. The object of wetting the strips was to prevent desiccation of the cells. The strips bearing yeast were then immediately immersed in isopentane cooled to about -150 C in liquid nitrogen, and the frozen material was subsequently dehydrated in vacuo at about -30 C over phosphorus pentoxide for three days. During this time the submicroscopic ice crystals formed in the cells on immersion in isopentane sublime without displacement of cell constituents. On complete dehydration, the cell pellets were quickly scraped off the paper strips into chilled absolute alcohol, the alcohol drained out and replaced with 15 per cent nitrocellulose in ether-alcohol, and later with 30 per cent nitrocellulose. Sections were cut at 3, 6, and 9 ,u, conforming roughly to the dimensions of cells of increasing degree of ploidy. This enables the inclusion of whole as well as sectioned cells in all possible orientations in the celloidin section, thus insuring an extremely favorable means of studying stained preparations. This advantage is denied those studying smears, especially when elongate cells are concerned.
In some instances, the fixed cells were treated with amylase in 10 per cent alcohol at pH varying from 2 to 4.5 so as to digest any glycogen granules that might obscure cytological detail, but the advantage gained by this treatment was not appreciable.
After removal of celloidin, the fixed material was stained with Heidenhain's hematoxylin and pyronin or eosin, thionin, or the Feulgen method with light green as counterstain. Conventional Feulgen procedures as well as the Rafalko (1946) modification were used. Except for the centrioles, which are Feulgen negative, the results in all cases were identical. Perchloric acid (10 per cent) hydrolysis at 25 C for 2 to 3 hr yielded excellent results and was used almost exclusively both with or without precipitation of the desoxyribonucleic acid as the lanthanum salt.
Living as well as fixed material was examined under the phase microscope; toluidine blue staining of living and fixed cells was effected as recommended by Lindegren (1949) . Preparations of material fixed with fluids, such as Bouin's, Schaudinn's, Helly's, Carnoy's, and with osmic fumes were also examined for comparison.
Digestion of ribonucleic acid in frozen-dried cells with ribonuclease was carried out for the purpose of locating sites of desoxyribonucleic acid with the ultraviolet microscope. The digestions were effected with 0.1 per cent ribonuclease (Armour) in distilled water (adjusted to pH 6 with NaOH) for 2 hr at 37 C (Kaufmann et al., 1951 ). The treated sections were then coated with glycerin, covered with quartz coverslips, and examined for absorption areas on a fluorescent screen at 2652 A. RESULTS 
AND OBSERVATIONS
Vacuoles. The most prominent structure of the living, unstained yeast cell is its vacuole. It may be voluminous and occupy the major part of the cell, or it may be small, but it is rarely that a cell from an actively proliferating culture lacks a vacuole. Figures 1-7 fig. 2 by Subramaniam (1952) are reminiscent of this condition. The possession by the vacuole of variable numbers of basophilic structures necessitates that the vacuole be maintained intact after fixation so that the relation of these structures (the "chromosomes" of Wager and Peniston, and Lindegren) to the rest of the cell, as well as their morphology, be amenable to unobscured observation. The vacuoles generally occur one per cell and may be simple or lobed. Occasionally two, but rarely more than two, independent vacuoles occur. Multiple vacuoles have not been observed in the present study. In all cases, vacuoles have smooth surfaces and contain a hyaline sap which exhibits a much less intense, often negative, affinity for stains such as pyronin or eosin which the cytoplasm takes on deeply.
The vacuolar contents are morphologically highly variable. They are effectively stained with toluidine blue by Lindegren's method. Living cells stained with toluidine blue retain their vacuoles intact and permit a clear observation of intravacuolar bodies. These, however, are not detectable in all cells in the mount-only a small percentage of cells exhibit them in a given mount -but their frequency can be increased by altering the cultural conditions, principally the pH. According to Lindegren, these bodies show a pattern of behavior involving end to end fusions of short elements into thick, paired complexes which later split longitudinally into Y shapes, followed eventually by migration of one fully split complex (chromosomes) into the bud. The present work does not corroborate such a sequence either in frozen-dried material or in fresh cells stained with Lindegren's method. The following observations indicate that these intravacuolar bodies are not chromosomes and, further, that the "sequence" is fortuitous rather than a mitotic design:
(1) There is no constancy in the number of these inclusions in cells of single-cell derivation.
(2) In the polyploid series investigated, increments in their numbers are neither obligatory nor consistent with progression in ploidy. Subramaniam's (1952) view that a basic difference between aerobic and anaerobic cells is that the former are totally devoid of vacuoles while the latter possess prominent ones.
The Nucleus As far as cytochemical criteria are concerned, the chromatinic nature of the spherical extravacuolar region has been abundantly demonstrated by the majority of yeast cytologists. Opinion is divided, however, as to whether the entire structure is Feulgen positive. Some, for instance Lietz (1951) , hold that a crescent-like segment of a sphere is Feulgen positive and, depending on the angle from which it is viewed, makes the sphere appear partially or completely stained. A similar view is held by Lindegren who terms the segment "centrochromatin" and describes it as plastered externally on his "centrosome" in contrast to Lietz who illustrates it as a structure within the nucleus.
Proliferating, frozen-dried yeast cells examined under phase contrast lack such crescents (figure 5) whereas they are occasionally seen in material fixed with Carnoy's or Helly's or in fresh cells mounted in weak (5-10 per cent) acetic acid. These observations together with the fact that Figures 10, 11, 12, 13 (haploid, diploid, triploid, and tetraploid cells, respectively). The maximum number of stainable bodies is two per cell, regardless of ploidy. Nucleus in the haploid cell is in the process of division. Figure 11 is Feulgen-light green, 3,300 X; the others, hematoxylin-pyronin, 3,600 X. Figure 14 . Tetraploid cell from fermenting culture. Centriole in clear space beneath vacuole. Small cell at lower right is not a bud of the larger cell but merely a sectioned individual in its vicinity. Hematoxylin-pyronin, 3,600 X.
Figures 15, 16, 17 (triploid, diploid, diploid Pseudocrescents can be frequently seen, however, in frozen-dried, stained material, but their resemblance to crescents in conventionally fixed cells is deceptive. Diagram 1 shows how a nucleus situated eccentrically to the long axis in a frozendried cell with a well preserved vacuole can create an illusory crescent. Diagram 1 a and b represent two parallel planes of foci in a cell viewed from the same direction. The stippled area of the nucleus at a, being out of focus and partially obscured by the light counterstain in the vacuole, appears faintly stained when the cell is examined with the microscope. The dark crescent is that part of the nucleus which is in focus and which is not obscured by the vacuole. When the plane of focus is lowered as at b, the stippled area is now clearly seen and appears darker while the crescent fades out of view. c explaining these situations represents a lateral view of the same cell, that is, after it has been "rotated" through an angle of 900 from orientation a or b. These situations cannot be satisfactorily photographed since the slight difference in intensity of coloration between "crescent" and the body of the nucleus does not register properly.
A further difference between the crescents in frozen-dried yeast and in chemically fixed cells is that in the former the surface of its concavity adjoins the vacuole, whereas in the latter its orientation to the vacuole (if In table 2, one hundred and two cases involving a relation of the total volume of the cell to that of its nucleus are analyzed to determine whether a definite proportionality-the nucleocytoplasmic ratio-exists between the two. A preparation of aerobically grown haploids was used for these measurements. Haploid cells and nuclei are almost perfectly spherical and permit precise measurements of volume. The mean nuclear diameter and volume obtained from these measurements are 0.86 ,u and 0.331 A, respectively, and agree closely with those for anaerobic cells.
The frequency distribution in table 2 indicates a tendency for large cells to possess large nuclei, but cases of equally large nuclei occurring in relatively small cells also exist. For instance, a nucleus of diameter 1.25 Au (vol = 1.02 M3) is correlated in equal frequency with cell volumes of either extreme. No case of the smallest sized nucleus associated with the largest sized cell was detected. The nucleo-cytoplasmic ratio is not constant but decreases as the nuclear volume increases, indicating that increase in cell volume is not linear with respect to nuclear volume.
A similar conclusion can be drawn in regard to cells in the diplophase (table 3) . These cells also were aerobically cultivated, but their mean nuclear diameter and volume are the same as those of fermenting cells ( credence cannot be placed on the calculated ratio of 9.002 as being truly representative.
An examination of any yeast culture of single cell origin invariably reveals a fraction of cells which are appreciably much smaller than the majority, and whose presence in the culture can be accounted for on the basis of the special peculiarities of the budding process. Budding involves the progressive increase in volume of an outgrowth from the mother cell without appreciable diminution of the latter's volume. Small cells occurring in a culture may be either immature buds severed from the mother cell or may be products of breakdown in ploidy in populations other than a haploid. It is improbable that the latter possibility exists in the clones used in the present study, at least under the conditions employed for their growth. It is apparent from the graph relating to fermenting cells that there is no overlap of the range of variation of haploid nuclei over those of higher degrees of ploidy, indicating that a breakdown of nuclei to the haploid level does not occur and that Subramaniam' The data in tables 2 to 5 are consistent with the view that nuclei in the "resting" state exhibit volume fluctuations which are associated with their stage of growth, and which may be either rhythmic or continuous (Hughes, 1952) ; they indicate, moreover, that a constant nucleocytoplasmic ratio prevails in none of the cultures studied.
Structure of the nucleus. Genetic analyses of extensive pedigrees, of which the currently investigated series is a member, have revealed at least four linkage groups (Lindegren, 1949) . A yeast does not bt"eak down at any time in vegetaminimum of 4, 8, 12, and 16 chromosomes could tive division, nor does the nucleus enlarge aptherefore be expected in haploid, diploid, triploid, preciably during division. and tetraploid nuclei, respectively. It is obvious Yeast nuclei in stained preparations of frozenthat in interphase nuclei so small as those of dried material are clearly vesicular. Regardless haploid yeast (mean nuclear volume = approx. of the degree of ploidy and the size of the nucleus, 0.32 ,U3) unambiguous resolution of the con-the nuclear contents appear as a homogeneously stituent elements and their behavior during stained material. The most meticulous observadivision would be rather difficult. In common tion under the optimal conditions of K6hler with most ascomycetes, the nuclear wall in illumination as well as phase contrast failed to It might be argued that homogeneous Feulgen coloration of the nucleus could be due to the diffusion of desoxyribonucleic acid from the chromosomes into the nuclear sap during hydrolysis, thus resulting in a uniform staining making the chromosomes indistinguishable from the chromosomin in the nuclear sap (Stedman and Stedman, 1947 There are no appreciable variations in intensity of Feulgen coloration suggestive of cyclic fluctuations in desoxyribonucleic acid content in dividing nuclei. Regardless of whether they are single or in the process of division, the extremely uniform intensity of Feulgen coloration in every cell in a preparation is striking; nor does Feulgen intensity appreciably increase from haploid to tetraploid nuclei, at least as far as can be visually determined. However, Ogur et al. (1952) working with the same material used in the present study found the desoxyribonucleic acid content per cell to be consistent with an integral ratio in the polyploid series.
Nucleoli have not been observed in frozendried yeast. AIodern cytological analysis has abundantly established their origin from specific sites on the chromosome, and they are believed to function in the transfer of ribonucleic acid to the cytoplasm. The homogeneous and undifferentiated nature of yeast nuclei suggests that ribonucleic acid may be elaborated at nonspecific sites within the nucleus, its possible transfer to the cytoplasm involving perhaps simple, continuous diffusion. It is well known that in higher organisms release of ribonucleic acid from the nucleolus is a cyNclic phenomenon correlated with mitosis and that the desoxyribonucleic acid content of the nucleus exceeds the quantity of ribonucleic acid in the whole cell. In yeast, on the other hand, the ratio of desoxyribonucleic acid:ribonucleic acid is reversed, the quantity of the latter being greatly in excess. It is suggested that if these great quantities of ribonucleic acid are synthesized in the yeast nucleus and liberated into the cytoplasm, this process takes place continuously rather than cyclically.
Nuclear division. The typical yeast nucleus is spherical or near-spherical (figures 7. 8). Sometimes it is so closely applied to the vacuole that a smooth dent occurs on its surface in contact with the vacuole (figures 1, 6 ). In extreme, infrequent cases the nucleus may be so firmly appressed to the vacuole that it is considerably flattened (figure 2). In either case the vacuolar wall retains a rigid, smooth surface and is not affected by the apparent pressure of the nucleus. In exceptional instances, the nucleus occurs within the vacuole (figure 3) or is cuneiform (figure 9). 11, 12, 13) , or a daughter nucleus may begin dividing immediately after a bud (still in attachment to the mother cell) has received its sister nucleus ( figure 30 ). The elementary nature of the division of a nucleus, the vesicular structure of which is constantly maintained, is particularly evident in figure 4 at a and in figure 5 showing the same cell in bright field and phase contrast, respectively. Figures 23 to 26 represent early stages of division.
In preparations stained with hematoxylin one or two small, spherical bodies are frequently found associated with the interphase or dividing nucleus (figures 15 to 26). These bodies are uniform in size and are Feulgen negative. Their detection in hematoxylin stained cells depends on critical differentiation since insufficient destaining in iron alum makes them indistinguishable owing to dye in the surrounding cytoplasm, while even slightly excessive differentiation destains them completely. It is possible also that these minute bodies are not invariably present in all cells since they were not seen at any time in many cells whose progressive destaining was specifically observed at short intervals in attempts to differentiate possible chromosomes in the nucleus. When they do occur, they are found singly or in pairs in the cytoplasm. Their occurrence in a cytoplasmic clear space is infrequent (figure 14). They are roughly the size of yeast mitochondria, with which they cannot be confused since the latter occur in great numbers (especially in triploids and tetraploids) and are easily destroyed by ribonuclease or perchloric acid while these paired or single bodies are unaffected. In view of their occurrence in pairs in association with the nucleus and an exhibition of what is seemingly an orientating influence on the division of the latter, I have identified these bodies tentatively as centrioles. Figure 23 shows a single centriole entering an incipient bud; this is the earliest stage prior to the commencement of nuclear division involving elongation of the nucleus in the mother cell and the projection of a blunt, beak-like nuclear process into the bud (figures 25, 26). Paired centrioles are sometimes seen in such close proximity that their origin by division of a single body seems likely. Their positions with respect to the nucleus are variable. Whether single or paired, the centrioles are most usually located across the vacuole opposite the nucleus. It is difficult to detect predictably consistent sequences in the behavior of the centrioles during nuclear division, but there can be little doubt that these bodies are associated with nuclear activity in those cells where they are detectable.
Nuclei or chromosomes? The use of genetically known yeast stocks is clearly an advantage in the cytological analysis of an organism whose nuclear structure has been so variously interpreted. Knowledge of the number of linkage groups enables us to expect the members of a polyploid series to exhibit appropriate increases in chromosome numbers consonant with the minimum required by genetical theory. Lack of this control by previous workers inevitably resulted in erroneously terming the daughter nuclei in a single cell as chromosomes. Winge (1951a) observed single cells with two, spherical Feulgen positive areas (his figures 7 to 11) and identified them as chromosomes or chromosome-like bodies. Subramaniam (1952) likewise considered the two adjacent, Feulgen positive or hematoxylin stained rounded structures in single cells as chromosomes.
The present study reveals that the maximum number of such spherical, stainable bodies in a single cell, regardless of its degree of ploidy, is two but that their volumes are ploidy-dependent and, furthermore, that they are the products of division of a single, structurally undifferentiated Feulgen positive sphere. This proves that these bodies are daughter nuclei and not chromosomes since, otherwise, at least four bodies in haploids and sixteen in tetraploids would be expected in keeping with the minimum of four linkage groups known in the stocks investigated. Figures  10 to 14 , and 30 illustrate typical cases of cells of differing ploidy with two nuclei.
DISCUSSION
Shortcomings in chemical fixation of such cytologically difficult material as yeast become apparent on comparison with preparations of frozen-dried cells. The commonly used fixing fluids exert a harsh effect on protoplasm owing to their strong oxidative, reducing, pre-525 cipitating or cross-linking properties and cause considerable shrinkage and morphological distortion; diffusion gradients and the formation of minute aggregates are frequent aftermaths of chemical fixation. Ross (1953) in a statistical study indicated the drastic shrinking effects of simple fixatives and mixed fluids on Helix primary spermatocytes. Part of the final shrinkages observed resulted during embedding in paraffin, but the wide discrepancies in percentage of shrinkage ensuing from the use of different fluids indicate that fixation undoubtedly contributes to reduction of total volume to the major extent. Ross estimated average linear shrinkage to about 67 per cent and a volume shrinkage to about 30 per cent of the original dimensions of both cell and nucleus. These are no small disadvantages and must be considered in interpreting details of cell structure. The occurrence of spurious staining resulting from drastic chemical changes in protoplasm should also be considered. This is especially important for a cytochemical reaction such as the Feulgen. Thus, it is necessary to avoid formaldehyde or chromic or mercuric fixatives since formaldehyde would clearly interfere with a true localization of desoxyribonucleic acid while chromic or other strong fixatives are liable to split gluco-proteins and liberate aldehyde groups on surfaces not normally possessing them.
The deleterious influence of chemical fixation on the yeast cell has been commented on by most workers, but chromosome counts and elaborate descriptions of mitotic figures have, nevertheless, been attempted. Lietz (1951) stated that even in his best fixed preparations the uniform appearance of definite mitotic stages in every cell in the preparation was not distinct and that the "chromosomes" (which approached the limit of microscopic visibility) lie so close to each other that the insignificant space between them was hard to observe. Insufficient swelling of these bodies or the shrinking of the Nwhole nucleus prevented recognition of detail, and stages in nuclear division were recognizable only at particular optical angles. He reported 3 chromosome in haploids of Saccharomyces priorianus and 6 in diploids. Levan (1947) stated that fixation and staining were "always whimsical" and that not even in the best metaphase plates was it possible to determine the exact chromosome number, there being a "strong tendency for chromosomes at all stages to stick together into one or two bodies". Nevertheless, he reported chromatids and their movements as well as centromeres of "more or less terminal position". Beams et al. (1940) reported that in many cells the nucleus was associated with a vacuolelike structure (not the central vacuole) and that it was difficult to determine whether this appearance was due to shrinkage or to the presence of an actual vacuole. All of their fixed cells, they report, showed some shrinkage. They also stated that the nucleus undergoes a typical amitosis during budding. In the sense that amitosis involves a distribution of unequal chromosome complements to daughter nuclei, their view is easily disproved by information currently available from yeast genetics. Bartholomew and Mittwer (1952) described chromosomes after using perhaps the most drastic methods. They irradiated dry smears for prolonged periods (72 hr) with ultraviolet, thus probably causing depolymerization of nucleic acids and other severe cytological changes, and then observed the cells under the electron microscope. Similarly irradiated controls were stained by Rafalko's Feulgen or Lindegren's method and examined under the light microscope. They stated that the structure as revealed by these methods fits best into the morphological concepts of Lindegren, but expressed uncertainty regarding the identity of chromosomes when the Feulgen method was used. They showed no pictures of stained cells, and their electron micrographs reveal nothing in the vacuole suggestive of Lindegren's chromosomes. In a later paper (Bartholomew and Mittwer, 1953) Some inadequacies in the views of Subramaniam and co-workers have been mentioned above and have also been analyzed at length by Winge (1951a, b) . In the present author's opinion, these criticisms have not been convincingly refuted (Subramaniam, 1951) . Representative conclusions and the results of their methods will be found in Subramaniam (1952) , Prahlada and Subramaniam (1953) , and Duraiswami (1953 Subramaniam's (1952) statement that "one can only surmise that the centromere is of a diffuse nature".
In view of the small sizes of yeast nuclei, reduced further by fixing fluids, descriptions of detail may lack precision, and the identification of various structures as chromosomes, spindles, etc. must be judged in consideration of possible artifactual aggregates, pseudostaining of vacuolar inclusions, and general alteration in the morphology of the cell. It can scarcely be said that these possibilities were eliminated in the past; consistently uniform patterns of mitosis were not detectable in a given smear and various explanations ("endopolyploidy", "chromosome lagging", "vagabond chromosomes") were invoked. The possibility of artifactual aggregates of desoxyribonucleic acid occurring after the use of chemical fixatives is particularly likely in a more or less homogeneously fluid nucleus. The statements of Nagel, Lietz, and Levan on technical difficulties in fixation and observation of stained material for chromosome counts indicate the relevance of these considerations.
A knowledge of the number of linkage groups in the material investigated is an advantage in making chromosome counts. Establishment of the minimum number of chromosomes in a haploid by genetical means provides a check when they are searched cytologically so that should the number of stained bodies observed be less than that indicated by genetical theory it becomes obvious that they cannot be the chromosomes. Thus, Lietz reported 3 chromosomes in haploid and 6 in diploid cells of Saccharomyces priorianus, and DeLamater tentatively reported 4 chromosomes in diploid Saccharomyces cerevisiae whereas it is known from genetical analysis that at least four chromosomes exist in haplophase.
The present study has combined reliable cytological techniques with adequate genetical controi and reveals, perhaps with the least ambiguity thus far, that the yeast nucleus contains no observable chromosomes but is of the homogeneous, "diffuse" type, having the chromatin uniformly dispersed as submicroscopic particles in the nuclear fluid. These nuclei were observed as wholes and as sections in all orientations, unlike in smears where the examination of elongate cells is obligate. The various methods used independently establish the optical emptiness of yeast nuclei. The possibility that submicroscopic, "standard" chromosomes may exist is, of course, to be recognized. That the genetic function of the nucleus is served by an essentially homogeneous chromatinic body is equally worthy of recognition. Sufficient genetical information consistent with Mendelian theory is currently available from bacteria (Lederberg, 1951; Lederberg and Tatum, 1953) in which the existence of chromosomes has not been indubitably established (Chapman and Hillier, 1953; Bradfield, 1954) ; and from the viruses (Hershey and Rotman, 1949; Luria and Dulbeeco, 1949) The nucleus is an extravacuolar, optically "empty" vesicle having no detectable chromosomes at any period. The Feulgen positive chromatin particles are submicroscopic and in uniform dispersion in the nucleus. Nucleoli are not recognizable.
Nuclear division is not necessarily in synchrony with the budding process; a complete division may occur in a single cell. Nuclear division is an elementary process involving no breakdown of the nuclear wall but merely an elongation of the vesicle into hour-glass form and simple closure of the medial constriction. The maximum number of Feulgen positive bodies in any single cell, regardless of the degree of ploidy, is two-these being the products of a nuclear division.
A spindle or spindle-like organization could not be observed.
Centrioles may be associated with nuclei and exhibit positions suggestive of an orientating influence during nuclear division. Their role, however, is not predictably consistent, and their presence in dividing cells is not obligatory.
Single nuclei as well as cells in the polyploid series exhibit expected increments in volume.
Statistical analysis revealed that a constant nucleo-cytoplasmic ratio does not obtain in any member of the series.
There are no cytological differences observable in aerobically or anaerobically grown cells. Some prevalent concepts of nuclear structure in yeast are examined in the light of the present study. It is concluded that previous interpretations must be judged on the basis of inadequate genetical control and of artifacts accruing from the use of fixing fluids.
